INTRODUCTION {#sec1-1}
============

The use of multiple drugs, often termed polypharmacy is commonly defined as using from 5 to 10 prescription drugs.\[[@ref1][@ref2][@ref3]\] This polypharmacy is sometimes necessary, but may be associated with an increased risk of adverse outcomes.\[[@ref2]\] The U.S. Center for Medicare and Medicaid Services estimated the annual costs of polypharmacy at over 50 billion dollars.\[[@ref1]\]

Polypharmacy is especially common in elderly patients. Although elderly patients comprise \<13% of the U.S. population, they almost 33% of prescription medications annually.\[[@ref1]\] Because individuals are living longer with chronic diseases, elderly patients also tend to have more complicated chronic conditions, may respond differently to medication therapy or experience more severe adverse reactions due to differences in pharmacokinetic and pharmacodynamic characteristics, compared with younger patients. They may also visit multiple prescribers and use multiple pharmacies that will lead to increased risk of medication-related problems through poorly coordinated or duplicated care.\[[@ref3][@ref4]\]

The potential for medication nonadherence rises with increased numbers of prescribed medications.\[[@ref4][@ref5][@ref6]\] Nonadherence to prescribed medication is estimated at 79%, 69%, 65%, and 51%, for once, twice, three, and four times daily administration, respectively.\[[@ref4][@ref5][@ref6]\] It can be associated with subsequent reduced effectiveness.\[[@ref4][@ref5]\] Medication nonadherence could be linked to 125,000 deaths in America annually and results in approximately 177 billion dollars increased costs of health care.\[[@ref5]\]

Based on the Ohio Medicaid data report, the rate of psychotropic polypharmacy increased significantly since 2002 in younger adults, however, there are few data available for a general elderly population.\[[@ref7]\] Most previous studies focused on cardiac patients, hospital-based or posthospital patients.\[[@ref8][@ref9]\]

The objective of this study was to evaluate the frequency of polypharmacy and to assess the relationship between polypharmacy and potential adverse outcomes within a sample of elderly population served by the Cuyahoga County Board of Health (CCBH), Cleveland, Ohio, USA. These data were needed to inform a set of recommendations for the CCBH, to improve prescribing outcomes for Cuyahoga county senior residents.

METHODS {#sec1-2}
=======

This cross-sectional study took place in three senior community centers in Cleveland, Ohio that are served by CCBH. As Ohio\'s largest health district by population, servicing a major metropolitan area since 1919, the Board of Health provides a broad range of quality driven public health services. A convenience sample of residents participating in CCBH senior citizens programs during the time period of October 2010 to January 2011 was recruited for participation in this study. Inclusion criteria consisted of subjects aged more than 65 years who can understand the English language. Seniors were encouraged to bring medication lists and pill containers for medication management visits with the pharmacist.

The study questionnaire included demographics: Age, gender, self-identified race and ethnicity, and level of education. Subjects were asked to list their health conditions, and all of their current prescription and over-the-counter (OTC) medications, their prescribers, doses, administration times, and an estimate of whether they "frequently" (defined as they chose) missed medication doses and their pharmacy.

The exposure of interest was polypharmacy, defined as self-reported concurrent use of at least five different prescribed medications. The primary outcomes were: Self-reported missed doses of prescribed drugs, at least one duplicate drug therapy, at least one contraindicated drug combinations, as defined by the Drug Facts and Comparisons,\[[@ref10]\] and multiple pharmacies to obtain prescribed medications.

Stata SE 10.1 for Windows (StataCorp LP, College Station, TX, USA) was used for analysis. Fisher\'s exact test was used to compare frequencies between groups. Multivariable logistic regression was used to adjust for possible confounders in the relationship between contraindicated drug combinations and drug duplication and polypharmacy. Covariates were retained in the model if they had an independent association with polypharmacy and the outcome of interest and if removing them from the model would change the point estimate by ≥10%. This study was approved by the Case Western Reserve University Institutional Review Board.

RESULTS {#sec1-3}
=======

A total of 59 seniors enrolled from three different senior community centers in CCBH. Age range was 65--90 with a mean of 76.9 years. Of these, 45 (76.3%) were self-identified white, 13 (22.0%) were black and 1 (1.7%) was Asian. Of the 59 seniors, 21 (35.6%) were prescribed more than five medications \[[Table 1](#T1){ref-type="table"}\]. Polypharmacy was not associated with age (*P* = 0.16), sex (*P* = 0.54), level of education (*P* = 0.20) or race (*P* = 0.24).

###### 

Seniors' use of prescribed medication (*n*=59)
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24 (40.6%) of seniors used multiple pharmacies. 49 seniors (83.0%) were using OTC medications, 21 of these had duplicate use of OTC medications for the same indication. The mean number of prescription medications taken was 5.1 and the mean number of OTC drugs taken was 2.0. There was no association between duplicate use of OTC medications and the presence of polypharmacy of prescription medications (*P* = 0.94) or the use of multiple pharmacies (*P* = 0.51).

Thirteen seniors (22.0%) admitted frequently missed doses, 11 (18.6%) had duplicated therapy, and 12 (20.3%) had contraindicated drug combinations. 12 seniors with polypharmacy and none without polypharmacy had contraindicated prescription drug combinations (*P* \< 0.001). Duplication of therapy was associated with polypharmacy when models adjusted for race and education (odds ratio: 10.7, 95% confidence interval: 1.5--76.7, *P* = 0.02). There were no significant associations between polypharmacy and any other specific chronic condition, including hypertension, heart disease/hyperlipidemia, diabetes, arthritis and cancer.

15 (25.4%) seniors carried a medication list for the study interview. Seniors' level of education was associated with having this list (*P* = 0.01), however not the presence of polypharmacy (*P* = 0.30), inappropriate drug combination (*P* = 0.48) or self-reported frequent missed doses (*P* = 0.34).

DISCUSSION {#sec1-4}
==========

Medication adherence and drug safety continue to be important problems, especially for seniors. This study found that, polypharmacy was common in over one-third of our subjects; previous studies found a somewhat lower prevalence of 20--30%.\[[@ref2][@ref7]\] Polypharmacy was associated with duplicate prescribed drugs and contraindicated prescribed drug combinations. This can potentially increase the risk of adverse drug reactions.\[[@ref2][@ref3]\] The use of multiple medications, and their associated risks, might be medically indicated for patients with numerous and/or complex co-morbid conditions; this will be increasingly prevalent with the expected demographic trend toward a progressively elderly U.S. population.\[[@ref11][@ref12]\] In this study, only prescription medications were considered in the definition of polypharmacy. Some earlier studies considered both prescription and nonprescription-OTC-medications in their polypharmacy definitions.\[[@ref12]\]

This study found no association between polypharmacy and age, sex, educational level, or number of comorbidities. Previous studies reported an association between polypharmacy and sex,\[[@ref3]\] level of education, and/or a history of diabetes or hypertension.\[[@ref12]\] These differences could be the result of differences in the characteristics of the populations studied and/or sample size.

Medication nonadherence increases the risk of suboptimal drug treatment and its further consequences. Other studies also reported that polypharmacy was associated with poor adherence.\[[@ref13]\] The scope of this study precluded access to seniors' pharmacy records. Thus this study was not able to fully address medication adherence.

Many seniors used multiple pharmacies. Switching between pharmacies may exacerbate communication among patients, pharmacists, and physicians, increase the risk of inappropriate medication use and potential adverse consequences. Utilization of mail order pharmacies is increasing rapidly in the U.S. Medicare part D, which covers most seniors' medications in America, promotes the use of this service to provide seniors with maintenance medications for 90 days. Barriers to pharmacy consultation and decreased direct personal interaction with consultant pharmacists may potentially increase the risk of inappropriate medication use.\[[@ref14]\] The promotion of mail-order pharmacy services may be counter-productive if it interferes with communication. These issues need further careful study.

Limitations of this study include that results may not be generalizable to seniors who chose not to participate and attending different centers, or to seniors in different counties. Cuyahoga county seniors have similar rates of chronic health conditions and health care utilization as those of Ohio and the U.S. as a whole. Conclusions regarding this study are also limited by its relatively small sample size. The paucity of previous data available for the general elderly population in the community heightens its potential value to inform future studies, which can include more subjects from more diverse environments, examine the effect of mail-order prescriptions, and include cost-benefit analysis of interventions to minimize polypharmacy.

Further patient education on the disease, treatment goals, medication risks and benefits, and interventions to improve drug coordinated communication may help improve drug adherence and minimize polypharmacy. Based on the findings of this project, authors developed recommendations for the CCBH to help further improve seniors' medication use and associated health outcomes, designed to minimize unnecessary polypharmacy, improve prescribing, and promote coordination and communication between County prescribers, pharmacists, and elderly residents.

In conclusion, this study found that polypharmacy was frequent among Cuyahoga county seniors and associated with duplicated therapy and inappropriate drug combinations. These results can potentially inform future research and policy recommendations to help improve seniors' medication use at the societal level. As medical care becomes increasingly complex in our aging population, it is particularly important to improve cooperation, coordination, and communication between patients, physicians, and pharmacists. These efforts can complement current national endeavors toward a more patient-centered approach to health care and promoting the concept of the medical home.
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